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ABSTRACT 

This r e p o r t  provides a monthly a n a l y s i s  of t h e  s t a t i s t i c a l  rela- 
t i onsh ips  of su r face  wind, winds a l o f t  and t o t a l  opaque cloud cover a t  
Cape Kennedy. These da t a  a r e  based on f i v e  years  of record,  January 
1957 through December 1961, and represent  su r f ace  observations of wind 
speed and t o t a l  opaque cloud cover co inc ident  wi th  RAWIN observa t ions  
of maximum wind speeds i n  the 10 to  15 lun layer .  Data are presented a s  
percentage occurrence of ''go" t o  "no go" condi t ions  where a favorable  
combination of a l l  t h r e e  parameters a s  t o  v e h i c l e  launch c r i t e r i a  repre- 
sen t sa  ''go" condition, and a combination wi th  one o r  more parameters 
unfavorable t o  veh ic l e  launch is c l a s s i f i e d  as a "no go" condition. 
The v e h i c l e  launch criteria have been a r b i t r a r i l y  chosen f o r  t h e  purpose 
of t h i s  r epor t .  
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INTERPARAMETER STATISTICAL ANALYSIS OF SURFACE W I N D  SPEED, 
TOTAL OPAQUE CLOUD COVER, AND MAXIMUM WIND SPEED ALOFT AT 

CAPE KENNEDY, FLORIDA 

SUMMARY 

This repor t  provides a monthly ana lys i s  of the s t a t i s t i c a l  r e l a -  
t ionships  of sur face  wind, winds a l o f t  and t o t a l  opaque cloud cover a t  
Cape Kennedy. These da ta  are based on f i v e  years of record,  January 
1957 through December 1961, and represent  sur face  observations of wind 
speed and t o t a l  opaque cloud cover coincident  with R A W I N  observat ions 
of maximum wind speeds i n  the 10  to  15 lan l ayer .  Data a r e  presented a s  
percentage occurrence of "go" o r  "no go" condi t ions where a favorable  
combination of a l l  t h ree  parameters a s  t o  veh ic l e  launch c r i t e r i a  repre- 
sen t sa  "go" condition, and a combination wi th  one or  more parameters 
unfavorable t o  vehic le  launch i s  c l a s s i f i e d  a s  a "no go" condition. The 
v e h i c l e  launch c r i t e r i a  have been a r b i t r a r i l y  chosen f o r  t h e  purpose of 
t h i s  repor t .  

This r epor t  was prepared  a s  a r e s u l t  of i nves t iga t ions  conducted 
under NASA Government Order Number H-3621 with the  U. S. Weather Bureau. 

SECTION I. INTRODUCTION 

The rap id  development of space veh ic l e s  and m i s s i l e s  has created an 
urgent demand f o r  more information about c r i t i c a l  atmospheric parameters 
a f f e c t i n g  launches. These include (1) sur face  wind speed*affecting l i f t -  
o f f ,  (2) opaque cloud cover c r i t i c a l  f o r  o p t i c a l  t racking or  observat ion,  
and (3) high wind speeds a l o f t  i n  t he  10 t o  15 km l ayer  a f f e c t i n g  veh ic l e  
s t r u c t u r e  and cont ro l  through t h i s  region.  Previous s t a t i s t i c a l  anal: 
yses  have t r ea t ed  each of these atmospheric va r i ab le s  independently of 
each o the r ,  (References 1, 2 ,  3,  and 4). This repor t  i s  a f i r s t  at tempt 
t o  show the r e l a t ionsh ip  between the  th ree  atmospheric parameters most 
o f t e n  of concern i n  launching a space vehic le .  This work was done i n  
hopes t h a t  there  might appear spec i f ic  months, seasons o r  times of day 
when favorable combinations of surface wind speed, cloud cover and upper 
winds a r e  more frequent ,  and i t  might be f e a s i b l e  t o  schedule launching 
t o  take advantage of such periods. 

be a two minute time average wind speed referenced t o  60 f e e t  above 
na tu ra l  grade. 

* For the  purposes of t h i s  repor t  sur face  wind i s  considered t o  



A condi t ion where a l l  t h r e e  parameters are favorable  i s  c l a s s i f i e d  
as a "go" condition. 
eters are c l a s s i f i e d  as "no go" condi t ions,  o r  condi t ions  when launch- 
ings  could not take place due t o  one o r  more parameters exceeding a 
c r i t i c a l  l i m i t .  It is a n t i c i p a t e d  t h a t  t he  na t iona l  aerospace program 
missions f o r  Research and Development (R&D) v e h i c l e s  and missions f o r  
the f i n a l  vers ions of these veh ic l e s  w i l l  have s p e c i f i c  requirements 
f o r  a wide range of atmospheric condi t ions.  
Apollo mission may make more s t r i n g e n t  requirements f o r  lesser amounts 
of clouds than would the  f l i g h t  tes t  of an R&D v e h i c l e  no t  requi r ing  
o p t i c a l  tracking. Again the  mission of a s p e c i f i c  R&D v e h i c l e  may 
r e q u i r e  l i g h t  winds a l o f t ,  say,  less than 60 m / s e c  i n  t he  10-15 km 
a l t i t u d e  region, and camera t racking.  This broad spectrum of a n t i c i -  
pated mission requirements d i c t a t e s  the wide range of s t a t i s t i c s  tabu- 
l a t e d  i n  t h i s  p a p e r  f o r  t h e  th ree  atmospheric parameters: (1) su r face  
winds, (2) cloud amounts, and (3) maximum winds i n  the  10-15 km a l t i t u d e  
region. 

Combinations of one o r  more unfavorable param- 

For example, a manned 

Furthermore, a b a s i c  ob jec t ive  i n  present ing  a l a r g e  combination 
of  t he  s t a t i s t i c s  f o r  these  t h r e e  parameters is  t o  ass is t  program 
managers i n  a r r i v i n g  a t  dec is ions  as t o  when i s  t h e  b e s t  time t o  launch 
a v e h i c l e  with special  mission requirements which are a f f e c t e d  by these  
atmospheric conditions.  To f u l f i l l  t h i s  ob jec t ive ,  a r b i t r a r y  limits 
w e r e  used for  the "go" and "no go" condi t ions of which some should b e  
r ep resen ta t ive  of a c t u a l  opera t ing  condi t ions.  The s e l e c t i o n  of "go" 
and "no go" condi t ions as presented i n  t h i s  p a p e r  i s  made t o  s a t i s f y  
present  requirements and perhaps some f u t u r e  requirements.  
arises, other  c r i t e r i a  may be chosen and the  r e s u l t i n g  s t a t i s t i c s  
determined. 

I f  the  need 

SECTION 11. DATA 

A. Sources 

Primary da ta  sources w e r e  punched cards  der ived from o r i g i n a l  
su r f ace  weather records and RAWIN records a t  the  Nat ional  Weather Records 
Center, Ashevi l le ,  North Carolina.  
0000 GMT and 1200 GMT RAWIN observat ions a t  Cape Kennedy from January 
1957 t o  December 1961. 
cover were taken from hourly su r face  observat ions co inc ident  wi th  the  
RAWIN observat ions,  t h a t  i s ,  0700 l o c a l  s tandard time (1200 GMT) and 
1900 l o c a l  standard t i m e  (0000 GMT). Hereaf te r ,  l o c a l  s tandard time i s  
noted as LST and i s  understood t o  be Eas te rn  Standard Time. 

Upper wind da ta  w e r e  taken from the  

Surface da t a ,  wind speed and t o t a l  opaque cloud 
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B. Processing and Computation 

All da ta ,  sur face  and RAWIN, were subjec ted  t o  a checking pro- 
gram using e l e c t r o n i c  da t a  processing equipment. 
t i o n s  f e l l  ou t s ide  predetermined limits, these  were ind ica t ed  and t h e  
o r i g i n a l  records  re-examined. 

I f  ind iv idua l  observa- 

The l a r g e s t  t o t a l  opaque cloud cover amount and h ighes t  su r f ace  
wind speed which occurred during 2 hours before  and a f t e r  t he  RAWIN 
r e l e a s e  time were chosen f o r  t h i s  ana lys i s .  This c l a s s i f i c a t i o n  of 
cloud amounts and su r face  winds a s  being co inc ident  wi th  rawin measure- 
ments leads t o  a s t a t i s t i c a l  bias  r e s u l t i n g  i n  the  occurrence of a 
h igher  frequency of cloud cover than is  given by Reference 1, which 
t r e a t e d  the  s t a t i s t i c s  of cloud cover f o r  each hour. The r e s u l t i n g  
b i a s  i s  a conservatism i n  the c r i t e r i a  f o r  "go" conditions.  This b i a s  
1s coi~s ldered  justifiable dne tr! the inherent v a r i a b i l i t y  of su r face  
wind and clouds over s h o r t  time periods.  Another f a c t o r  i s  t h a t  the 
rawinsonde ba l loon  is  no t  always r e l eased  on the  hour and it may take 
as much a s  a h a l f  an hour to  reach the  a l t i t u d e  of t h e  h ighes t  cloud 
1 ayer  . 

Processing cons is ted  of determining t h e  maximum wind speed 
observed between 10 and 15 km on each RAWIN f l i g h t  and not ing  the  
su r face  wind speed and t o t a l  cloud cover wi th in  +2 hours of the RAWIN 
observation. 
10 m e t e r s  p e r  second (mps) a s  follows: 

Upper wind speeds were grouped i n t o  c l a s s  i n t e r v a l s  of 

0-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 
> 90. 

For each of the above c l a s s  i n t e r v a l s ,  frequency and percentage 
frequency, co inc ident  sur face  wind speed and t o t a l  cloud cover .were 
tabula ted  i n  t h e  form of a two-way frequency and percentage frequency 
d i s t r i b u t i o n  as follows: 
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Total  

opaque 

Cloud 
cover 

( t en ths )  

Surface Wind Speed (mps) 

0-3 4-6 7-9  10-12 ... + 30 

f -- -- -- -- 0-1 %f -- 

A separa te  two-way d i s t r i b u t i o n  of su r face  da t a  w a s  computed 
f o r  each c lass  i n t e r v a l  f o r  each of the  RAWIN times (0700 and 1900 LST) 
f o r  each month f o r  f i v e  years .  Therefore, t h i s  s t a t i s t i c a l  ana lys i s  
w a s  produced a s  a three-way frequency o r  percentage frequency d i s t r i b u -  
t i o n  of upper wind speed versus  su r face  wind speed versus  t o t a l  cloud 
amount . 

Now, given the "go" o r  "no go" l i m i t s  f o r  the  three  parameters,  
percentage of occurrence can be found from the  three-way d i s t r i b u t i o n .  
For example, suppose launch requirements w e r e  a su r face  wind less than 
6 mps,  t o t a l  cloud cover less than 3/10, and a maximum wind speed a l o f t  
of 60 mps o r  less. For January a t  0700 LST t h e  percentage occurrence 
of a l l  t h ree  limits can be found by adding the  percentage frequencies  
i n  the  two-way su r face  d i s t r i b u t i o n s  corresponding t o  t h e  0-3, 4-6 
class i n t e r v a l s  of wind speed and the  0-1, 2-3 c l a s s  i n t e r v a l s  of cloud 
cover a t  each of  t he  upper wind c l a s s  i n t e r v a l s  of 0-10, 11-20, 21-30, 
31-40, 41-50 and 51-60 mps .  Addition of such percentages can be made 
because the  number of observat ions of each parameter i s  equal.  However, 
w i th  such an accumulation of percentages,  rounding e r r o r s  may become 
apparent.  I n  t he  accompanying t a b l e s ,  percentages may conta in  e r r o r s  
of +2 percent. This i s  most apparent  i n  t h e  combination of da ta  f o r  
t h e  two hours, 0700 and 1900 LST. 
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C. Presenta t ion  

Data a r e  presented using hypothe t ica l  veh ic l e  launch c r i t e r i a  
f o r  t he  three atmospheric parameters. Percentage of occurrence of "go" 
and "no go" condi t ions  i s  computed a t  0700 and 1900 LST fo r  each month 
a t  Cape Kennedy using da ta  from f i v e  years of record.  

Wind speeds a r e  i n  meters per second (mps) where 1 mps = 1.94 
knots = 2.24 mph. 

SECTION 111. ANALYSIS 

The ob jec t  of the a n a l y s i s  is t o  s e l e c t  some reasonable  va lues  of 
su r face  wind speed, cloud amount and upper wind speed, and t o  present  

throughout the year. 
be d i sce rn ib l e .  Moreover, when one of t he  parameters i s  changed, the 
e f f e c t  becomes apparent by comparison wi th  o the r  t ab le s .  By present ing  
va r ious  combinations of "no go" s i t u a t i o n s ,  the c r i t i c a l  parameters 
should be apparent.  

pereer;tage occ=rreT;ce =f Ilg&f and "r;o go" coT;diti=ns tr, tabular for;-, 
I n  t h i s  way any seasonal o r  d iu rna l  t rends  would 

Table I shows the  v a r i a t i o n s  of the th ree  parameters throughout 
t h e  year. The most favorable month is  J u l y  a t  0700 LST, and a sub- 
s t a n t i a l  d i f f e rence  i s  observed between morning and evening i n  the  
summer months, May through September. From October through A p r i l ,  
t h e  evening observation, 1900 LST, has a higher percentage of "go" 
conditions than does the 0700 LST observation. I f  both observations 
a r e  combined, J u l y  appears a s  the most favorable  month, and March the 
least. The "no go" l i s t  of combinations r e v e a l s  t h a t  t o t a l  cloud cover 
(C,) is  the major cause of unfavorable condi t ions ,  and the  upper wind 
(U,) l i m i t  was exceeded mostly i n  win ter  and spr ing  wi th  the l a r g e s t  
percentage i n  March. 

I n  Tables I1 through V I 1 1  the format i s  t h e  same. Parameter limits 
are increased one a t  a time through succeeding t ab le s .  I n  Table  I1 t h e  
''go" l i m i t  f o r  cloud cover has been extended t o  accept  amounts equal t o  
o r  less than 5/10. This change causes a s u b s t a n t i a l  increase  i n  "go" 
conditions as ind ica ted  by an increase i n  J u l y  from 37.9 percent i n  
Table I t o  53.6 percent i n  Table 11. A s  a poss ib l e  explanation, ground 
observers may tend t o  c l a s s i f y  p a r t l y  cloudy s k i e s  as 5/10, and i f  a 
va lue  of 5/10 i s  accepted as a "go" condition, the percentage of favor- 
a b l e  occurrences jumps considerably. 

5 



I n  Table 111 the  l i m i t  of upper wind is  s imi l a r  t o  Table I wi th  the  
exception t h a t  the  l i m i t  of upper wind speed has  been increased from 
60 mps t o  80 mps. This a f f e c t s  the  winter  and spr ing  months almost 
exc lus ive ly  with the g r e a t e s t  increase  i n  "go" condi t ions occurr ing i n  
March, increasing from 19.8 percent  t o  27.9 percent .  It i s  i n t e r e s t i n g  
t o  note  t h a t  u p p e r  winds i n  excess of 80 m p s  (155 knots) can cause "no go" 
condi t ions i n  March 2.5 percent  of the t i m e  a t  0700 LST. 

I f  the  l i m i t  of cloud cover i s  increased again from 3/10 t o  5/10 
along with the increase  of upper wind speeds t o  80 m p s ,  Table I V  i l l u s -  
t r a t e s  the  r e s u l t .  With the acceptance of a g r e a t e r  amount of cloud 
cover, the e f f e c t s  of t he  upper winds and the  su r face  winds a r e  revealed.  
Although s m a l l  percentages a r e  involved, upper winds a r e  observed t o  
a f f e c t  launch condi t ions i n  January,  February, March, and December, and 
the inf luence  of sur face  wind speed i s  seen i n  a l l  months with a maximum 
of 11.2 percent i n  February. 

Tables V through V I 1 1  r epea t  the changes of cloud cover and upper 
wind speed shown i n  Tables I through I V  except t h a t  sur face  wind speed, 
which was held a t  6 mps i n  the  f i r s t  s e t ,  i s  increased t o  9 mps (17 knots) .  
Table V i s  the same format as Table I, wi th  the  except ion of t he  increase  
i n  sur face  wind speed. The r e s u l t  i s  a small increase  of "go1' condi t ions 
i n  a l l  seasons. A s  the  sur face  wind speed becomes l e s s  c r i t i c a l ,  the  
importance of uppei wind speed and t o t a l  cloud cover becomes evident .  
Upper winds, p a r t i c u l a r l y  i n  spr ing  and win ter ,  c r e a t e  an increased p e r -  
centage of "no go" occurrences.  

I n  Table V I  t o t a l  cloud cover up t o  and including 5/10 i s  accepted. 
This p e r m i t s  the upper wind speeds i n  win ter  and spr ing  t o  show t h e i r  
l i m i t i n g  e f f e c t .  
upper winds g rea t e r  than 60 mps i n  the 10 t o  15 km l e v e l ,  then cance l la -  
t i o n  would amount t o  17.5 percent  of the  time i n  March a t  1900 LST. 

I f  a space v e h i c l e  could not  be launched wi th  maximum 

Table V I 1  i l l u s t r a t e s  condi t ions with cloud amounts 3/10 o r  l e s s  
and upper wind limits r a i s e d  t o  80 mps. It i s  evident  t h a t  very  few 

no go" s i t u a t i o n s  r e s u l t  from wind over 80 mps even i n  spr ing.  
cover i s  evident a s  the main problem p a r t i c u l a r l y  i n  the  summer. I n  
June, 75 percent of the time launching would not  be poss ib l e  because of 
cloud cover. 

Cloud 11 

Table V I 1 1  has  the  most l i b e r a l  l i m i t s .  It i s  apparent that  through- 
out  the  year t he  chances a r e  about 50-50 f o r  "go" condi t ions  a t  Cape 
Kennedy. The morning hours i n  the  summer a re  b e s t  w i th  a maximum of 
66.3 percent  in  Ju ly ,  b u t  the  evening hours i n  summer a r e  the  poorest  
w i th  June a t  34.0  percent.  C r i t i c a l  upper winds over 80 mps are  only 
s l i g h t l y  evident i n  winter  o r  e a r l y  spr ing.  
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The l a s t  t a b l e ,  Table IX ,  shows t h e  percentage frequency of occur- 
r ence  of t h e  limits used. The values a r e  independent of a l l  o ther  
parameters. 
l i m i t  was 6 mps  o r  less, we could expect "go" conditions 80 percent  of 
t h e  time i f  cloud cover and upper wind limits were ignored. O r ,  it 
could be s t a t e d  t h a t  t h i s  l i m i t  of su r f ace  wind speed would r e s u l t  i n  
I t  no go" conditions 20 percent of the time rega rd le s s  of co inc ident  
cloud cover amounts or upper wind speed. This t a b l e  i l l u s t r a t e s  t he  
importance of cloud amount c r i t e r i a  throughout t h e  year a t  Cape Kennedy, 
and t h e  increase  i n  "go" conditions when the l i m i t  is increased t o  5/10 
i s  a l s o  apparent. It i s  i n t e r e s t i n g  t o  note t h a t  an upper wind speed 
l i m i t  of 60 mps from December t o  A p r i l  can r e s u l t  i n  more "no go" 
s i t u a t i o n s  than a su r face  wind l i m i t  of 6 mps. 

For example, A p r i l  a t  0700 LST i f  t h e  su r face  wind speed 

The percentages shown i n  these t a b l e s  a r e  empirical .  No a t t e m p t  
has been made t o  assess the s t a t i s t i c a l  bounds of confidence on the 
t a b u l a r  va lues  presented. Where percentages between ca t egor i e s  a r e  
being compared and a r e  small, the  d i f f e r e n c e  should no t  be given much 
consideration. A second five-year sample would be  expected t o  show 
small d i f f e rences  i n  occurrence of comparable ca tegor ies .  

SECTION IV.  CONCLUSIONS 

The increas ing  use of e l e c t r o n i c  computing machines permits t he  

no go" s i t u a t i o n s  produced by any combination of atmospheric param- 
cons i d e r a t i o n  of computing the  p robab i l i t y  of encountering "go" o r  

e t e r s  a t  any present  o r  f u t u r e  launch s i tes ,  i f  meteorological  d a t a  
a r e  ava i l ab le .  This study using a r b i t r a r y  limits of su r face  wind 
speed, t o t a l  opaque cloud cover and maximum upper wind speed observed 
i n  t h e  10-15 km l a y e r  a t  Cape Kennedy, F lo r ida ,  . i l l u s t r a t e s  how "go" 
and "no go" conditions vary  wi th  season, time of day, and of course 
the magnitude of t h e  l imi t s .  It must be remembered t h a t  these  d a t a  
are pecu l i a r  t o  Cape Kennedy; t h a t  i s ,  i t s  l a t i t u d e ,  i ts  semi-tropical 
c l imate ,  and i t s  exposure t o  t h e  A t l a n t i c  Ocean determine the  v a r i a -  
t i c n s  of "go" and "no go" conditions throughout t he  year. Perhaps a 
launch s i t e  wi th  a d r i e r  c l imate  would have a much h igher  percentage 
of "go" condi t ions ,  s ince  it appears t h a t  t o t a l  cloud cover i s  t h e  - 
most s i g n i f i c a n t  cause of "no go" condi t ions  a t  Cape Kennedy. 

11 

Because of s e l e c t e d  c r i t e r i a ,  i t  is  poss ib l e  t o  " t a i l o r "  a study 
of t h i s  type t o  f i t  our present  and f u t u r e  space v e h i c l e s  o r  m i s s i l e s ,  
o r  t o  compare d i f f e r e n t  launch s i t e s .  

Of t h e  th ree  parameters discussed, t o t a l  opaque cloud cover appears 
as t h e  most r e s t r i c t i v e .  Although ther.e i s  l i t t l e  seasonal v a r i a t i o n ,  
a d i u r n a l  t rend  i s  apparent  within each month. I n  the  s i x  co ldes t  

7 



months, t he  af ternoon period is  the  most favorable ,  whi le  i n  t h e  warmer 
h a l f  of the  year t he  morning has the  least  cloud cover. There i s  a 
d e f i n i t e  seasonal trend i n  winds a l o f t  w i th  the  g r e a t e s t  speeds occur- 
r i n g  i n  the  win ter  and spr ing.  The w a r m e r  months have t h e  lowest sur-  
f ace  wind speeds during the  year.  
then l i m i t a t i o n  due t o  this  parameter i s  s m a l l .  

I f  a wind speed of 9 mps i s  acceptab le  

I n  present ing t h i s  o r i g i n a l  work on the  p r o b a b i l i t y  of the  simul- 
taneous occurrence of su r face  winds, winds a l o f t ,  and cloud amounts 
f o r  Cape Kennedy, i t  is recognized t h a t  t he  va lue  t h i s  s tudy has t o  
the  National Space Program i s  d i r e c t l y  r e l a t e d  t o  how the  s t a t i s t i c s  
are presented and are eventua l ly  used i n  mission planning. Inqu i r i e s  
as t o  i n t e r p r e t a t i o n  of these  s t a t i s t i c s  and t h e i r  r e l a t i v e  s ign i f i cance  
t o  each other f o r  p a r t i c u l a r  space mission program planning should be 
d i r ec t ed  t o  Chief ,  Aero-Astrophysics Off ice ,  Aero-Astrodpnamics 
Laboratory,  George C.  Marshall Space F l i g h t  Center ,  Huntsv i l le ,  
Alabama. 
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